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Could Cephalometric Landmarks Serve as Boundaries of Maxillary Molar
Distalization? A Comparison Between Two- and Three-Dimensional Assessments
Abstract
Purpose: This study aimed at measuring the differences between the two-dimensional (2D) and threedimensional (3D) radiographic boundaries for molar distalization, and their correlations for the amount of
maxillary molar distalization.
Patients and Methods: A total of 250 consecutive adult patients were retrospectively reviewed. All the
enrolled patients possessed Angle Class III malocclusion with moderate maxillary crowding and suitable
for camouflage treatment. The spatial differences between the 2D and 3D radiographic boundaries were
compared and measured. The correlation among the range of the distalization boundary and studied
clinical variables were assessed by Pearson correlation and the linear regression to determine the
correlation between the 2D and 3D assessments.
Results: There were 21 patients (42 segments) with Angle Class III malocclusion and moderate maxillary
dental crowding included for study. According to 3D images, the average sagittal distance from the
posterior nasal spine (PNSct) to the posterior border of the maxillary tuberosity (TU) was 1.80 ± 1.81 mm.
The shortest distance from the distal border of the TU to the most distal root surface of the maxillary
second molar (CT-R) was 5.24 ± 2.26 mm. The corresponding cephalometric distance from the distal
height of contour of the maxillary second molar to the PNSceph (Ceph-C) was 5.98 ± 2.62 mm. The 2D
measurements were significantly and positively correlated with the 3D measurements with the equation
CT-R = 1.606 + (0.608 × Ceph-C). The range of the distalization boundary was not associated with clinical
variables including age, Frankfort mandibular plane angle, point A–nasion–point B angle, overjet,
midfacial length, and mandibular length.
Conclusions: The PNSceph should not be regarded identical to the three-dimensionally assessed
radiographic boundary of maxillary molar distalization. However, the regression equation found in this
study provided an alternative to predict the amount of maxillary molar distalization in patients with Class
III malocclusion and moderate crowding.
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ABSTRACT
Purpose: This study aimed at measuring the differences between the two-dimensional (2D) and three-dimensional (3D)
radiographic boundaries for molar distalization, and their correlations for the amount of maxillary molar distalization.
Patients and methods: A total of 250 consecutive adult patients were retrospectively reviewed. All the enrolled patients
possessed Angle Class III malocclusion with moderate maxillary crowding and suitable for camouﬂage treatment. The
spatial differences between the 2D and 3D radiographic boundaries were compared and measured. The correlation
among the range of the distalization boundary and studied clinical variables were assessed by Pearson correlation and
the linear regression to determine the correlation between the 2D and 3D assessments.
Results: There were 21 patients (42 segments) with Angle Class III malocclusion and moderate maxillary dental
crowding included for study. According to 3D images, the average sagittal distance from the posterior nasal spine
(PNSct) to the posterior border of the maxillary tuberosity (TU) was 1.80 ± 1.81 mm. The shortest distance from the distal
border of the TU to the most distal root surface of the maxillary second molar (CT-R) was 5.24 ± 2.26 mm. The corresponding cephalometric distance from the distal height of contour of the maxillary second molar to the PNSceph (CephC) was 5.98 ± 2.62 mm. The 2D measurements were signiﬁcantly and positively correlated with the 3D measurements
with the equation CT-R ¼ 1.606 þ (0.608 £ Ceph-C). The range of the distalization boundary was not associated with
clinical variables including age, Frankfort mandibular plane angle, point Aenasionepoint B angle, overjet, midfacial
length, and mandibular length.
Conclusions: The PNSceph should not be regarded identical to the three-dimensionally assessed radiographic
boundary of maxillary molar distalization. However, the regression equation found in this study provided an alternative
to predict the amount of maxillary molar distalization in patients with Class III malocclusion and moderate crowding.
Taiwanese Journal of Orthodontics 2021;33(3):93e101
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INTRODUCTION

S

ince the development of temporary
anchorage devices (TADs), dental distalization has become a common strategy in orthodontic treatment. The treatment goals including
relief of crowding and control of anterior tooth

inclination, were enhanced by TAD-facilitated
distalization.1 Knowing the clinical limits of orthodontic correction is crucial for achieving
expectable treatment results and avoiding unwanted effects. With mandibular molar distalization, for example, the anterior border of the
mandibular ramus depicted in the lateral
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more than 18; (2) diagnosis of Angle Class III malocclusion; (3) moderate maxillary dental crowding; (4)
suitability for camouﬂage treatment9; and (5) clear
cephalometric and craniofacial CT images. The
exclusion criteria were as follows: (1) spaced dentition; (2) impacted maxillary teeth other than the third
molars; (3) maxillary second molars with prostheses;
(4) maxillary second molars with abnormal root
anatomy; (5) periodontal disease with bony destruction; and (6) craniofacial syndrome.
The present study followed the Declaration of
Helsinki on medical protocols and ethics, and the
Institutional Review Board of Chang Gung Memorial Foundation approved this study.

cephalogram used to be regarded as a good
radiographic reference for the boundary of distal
molar movements against the crown of the second molar.2 However, because of magniﬁcation
error, image orientation, and image overlapping,
the radiographic reference might not be as
representative as the anatomic boundaries.3 In
recent studies with three-dimensional (3D)
computed tomography (CT), investigators found
that the inner lingual cortex of the mandibular
body is more likely to be the true limit of
mandibular molar distalization.4,5 Furthermore,
the distal root, rather than the clinical crown of
the second molar, limited the range of mandibular molar distalization.
The radiographic mismatch between two-dimensional (2D) and 3D images in boundary identiﬁcation might also affect evaluation of maxillary molar
distalization. Traditionally, the distal border of the
maxillary tuberosity (TU) in 3D CT was thought to
be the radiographic boundary of molar distalization,
and the roots of the second molars were thought to
be the dental limits of distalization.6,7 However, on
lateral cephalograms, precisely identifying the TU is
difﬁcult. The posterior nasal spine (PNSceph), a
cephalometric landmark, was considered the alternative boundary reference in maxillary molar distalization. Because the PNSceph used to be located
at the identical sagittal position to the lowest point
of pterygomaxillary ﬁssure, which is formed by the
maxillary tuberosity on the cephalograms.8 However, this method had some essential limitations, for
example, magniﬁcation errors of the bilateral
structure in the lateral cephalogram and the actual
spatial discrepancy between the TU and PNSceph.
These questions would not be answered without 3D
validation. Furthermore, the differences between
the 2D and 3D radiographic boundaries of the
maxillary molar distalization have not been reported. Thus, the aim of this study was to measure
the differences between the 2D and 3D radiographic
boundaries for molar distalization, and their correlations for the amount of maxillary molar
distalization.

Craniofacial CT images
Craniofacial CT was performed using the Aquilion Prime SP scanner (Toshiba Medical, Tokyo,
Japan) with the settings 120 kVp, 142 mA, and 2-mm
slice thickness. The images were saved as Digital
Imaging and Communications in Medicine ﬁles and
were reconstructed as 3D images using the Rhinoceros software, version 5 (Robert McNeel & Associates, Seattle, WA, USA). The virtual skull was
oriented according to the Frankfort horizontal plane
(FHPct) and the frontal reference plane (Figure 1).

MATERIALS AND METHODS
We retrospectively reviewed the image records of
250 consecutive patients who underwent orthognathic surgery between January 2014 and February
2020 at the Craniofacial Center of Kaohsiung Chang
Gung Memorial Hospital, Kaohsiung, Taiwan. The
inclusion criteria included as the follows: (1) age of

Figure 1. The orientation of the virtual skull. The horizontal reference
plane (Frankfort horizontal plane [FHPct]) was deﬁned as a plane
passing through the lowest points of the inferior orbital rims and one of
the most superior points of the outer oriﬁce of the external auditory
meatus. The frontal reference plane (FRP) was deﬁned as a vertical
plane passing through the two orbital rims and perpendicular to the
FHPct.
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The FHPct, which passed through the bilateral
lowest points of the inferior orbital rims and one of
the most superior points of the outer oriﬁce of the
external auditory meatus, served as the horizontal
reference plane in this study.10 The sagittal distance
from the TU to the PNSct (TUePNSct) was
measured on this plane, as illustrated in Figure 2.
The reference occlusal plane was also established
as the plane passing through the midpoint of the
incisal edges of the maxillary central incisors and
the most superior points of the buccal groove of the
bilateral maxillary ﬁrst molars (Figure 3). The
consecutive serial CT slices parallel to the reference
occlusal plane were used to evaluate the 3D radiographic boundary of the maxillary molar distalization. The serial slices ranged from the
cementoenamel junction to the root apex of the
maxillary second molars (Figure 4). The shortest
distance from the TU to the distal surface of the
distobuccal or palatal root of maxillary second molar
(CT-R) was measured in the direction paralleling
the molar occlusal line set as a line connecting the
most superior points of the buccal groove of the
maxillary ﬁrst and second molars (Figures 3C and
4B and C).

instructed to stand upright and look straight
ahead.11,12 The retrieved images were then traced
and measured using a digital software (AudaxCeph
version 5.2; AudaxCeph, Ljubljana, Slovenia). The
magniﬁcation of lateral cephalograms was 110%.
The cephalometric landmarks, including point A,
point B, the PNS, the nasion, porion, orbitale, condylion, gonaion, gnathion, and menton, were identiﬁed. Three reference planes e the FHPceph,
mandibular plane, and occlusal plane e were
depicted for several linear measurements, including
midfacial and mandibular length (Table 1 and
Figure 5).13e16
In addition, the distal height of contour of the
clinical crown of the maxillary second molar was
also identiﬁed to verify the distance (Ceph-C) to the
vertical reference line passing through the PNSceph
(Figure 5). Other variables, including the point
Aenasionepoint B (ANB) angle and overjet, were
also measured for analysis. All measurements were
semi-manually calculated according to the customized algorithm by the same examiner over a 2-week
interval.

Lateral cephalogram

The Pearson correlation was applied to check the
correlation between the measurements of interests
(TUePNSct and CT-R) with the variables (age,
Frankfort mandibular plane angle, ANB angle,
overjet, midfacial length, and mandibular length).

Statistical analysis

Lateral cephalography was performed using the
Proline XC Ceph unit (Planmeca, Helsinki, Finland)
with the settings 66 kVp and 7 mA. Patients were

Figure 2. The linear difference between the 3D radiographic landmarks of maxillary tuberosity and posterior nasal spine. To measure the
sagittal distance from the maxillary tuberosity to the PNSct (TUePNSct), the landmarks were projected onto the Frankfort horizontal plane (FHPct).
RTu, distal border of right maxillary tuberosity; LTu, distal border of left maxillary tuberosity.
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Figure 3. The virtual plane and line deﬁned for measurements of 3D radiographic boundary. A. The Frankfort horizontal plane (FHPct) and
reference occlusal plane (ROP). B. The ROP passed through the midpoint of the incisal edges of the maxillary central incisors (UI) and the most
superior points of the buccal groove of the maxillary ﬁrst molars [RU6 and LU6]. C. The molar occlusal line (MOL) connected the most superior points
of the buccal groove of the right maxillary ﬁrst and second molars [RU6 and RU7].

all statistics and G*Power (version 3.1.9.6; Heinrich
Heine Universit€
at, Dusseldorf, Germany) to test the
power of each result.

Subsequently, linear regression was conducted to
determine the correlation of CT-R with Ceph-C. The
inﬂuence of gender and the presence of the third
molars were analyzed using the independent sample t-test. The measurement reliability was checked
using the paired t-test.
We used the IBM SPSS Statistics software (version
20; IBM Corporation, Armonk, NY, USA) to calculate

RESULTS
The measurement reliability was conﬁrmed
using the paired t-test (P > 0.05), in which the
errors in measurements of cephalometric and

Figure 4. Illustration of measurements of the 3D radiographic boundaries. A. The vertical range of serial slices surveyed (blue block) extended
from the cementoenamel junction to the root apex of the maxillary second molar; the slices paralleled the reference occlusal plane (ROP). B. The CT-R
was the shortest distance from the maxillary tuberosity to the distal surface of the proximate root of maxillary second molar was measured in the
direction paralleling the molar occlusal line and ROP. C. Cross-sectional diagram of the CT-R.
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Table 1. Deﬁnitions of cephalometric and CT landmarks, reference planes, and linear measurements.
Cephalometric Landmark

Deﬁnition

Point A

The most posterior point on the proﬁle of the maxilla between the anterior nasal spine and the
alveolar crest
The most posterior point on the proﬁle of the mandible between the chin point and the alveolar crest
The tip of the posterior spine of the palatine bone, at the junction of hard and soft palates16
The most anterior point on the frontonasal suture
The uppermost, outermost point on the bony external auditory meatus
The most inferior anterior point on the margin of the orbit
The most superior posterior point on the head of the mandibular condyle
The most posterior inferior point on the angle of the mandible
The most inferior point on the mandibular symphysis in the midline
The lowermost point of the mandibular symphysis in the midline
A plane passing through the porion and orbitale
A plane passing through the gonion and menton
A plane passing through the midpoint of the incisal edge of the maxillary and mandibular central
incisors and through the midpoint of the occlusal surface of the maxillary and mandibular ﬁrst
molars
The linear distance from the condylion to point A
The linear distance from the condylion to the gnathion
The distance between the distal height of contour of the clinical crown of the maxillary second molar
and a vertical line passing through the PNSceph

Point B
Posterior nasal spine (PNSceph)
Nasion (N)
Porion (Po)
Orbitale (Or)
Condylion (Co)
Gonion (Go)
Gnathion (Gn)
Menton (Me)
Frankfort plane (FHPceph)
Mandibular plane (Go-Me)
Occlusal plane (OP)

Midfacial length (Co-A)
Mandibular length (Co-Gn)
Ceph-C
CT Landmark

Deﬁnition

Posterior nasal spine (PNSct)
UI
RU6
LU6
RU7
LU7
RTu
LTu
Frankfort plane (FHPct)

The tip of the posterior nasal spine
The midpoint of the incisal edges of the maxillary central incisors
The most superior point of the buccal groove of the right maxillary ﬁrst molar
The most superior point of the buccal groove of the left maxillary ﬁrst molar
The most superior point of the buccal groove of the right maxillary second molar
The most superior point of the buccal groove of the left maxillary second molar
The distal border of right maxillary tuberosity
The distal border of left maxillary tuberosity
A plane passing through the lowest points of the inferior orbital rims and one of the most superior
points of the outer oriﬁce of the external auditory meatus10
A vertical plane passing through the two orbital rims and perpendicular to the FHPct
A plane passing through UI, LU6 and RU6
A line connecting RU6 and RU7, or a line connecting LU6 and LU7
The shortest distance from the maxillary tuberosity to the distal surface of the proximate root of
maxillary second molar, which is measured in the direction paralleling the MOL and ROP

Frontal reference plane (FRP)
Reference occlusal plane (ROP)
Molar occlusal line (MOL)
CT-R

The measurements were deﬁned according to references 10,13e16.

For the measurements of the shortest distance
from the dental structures to the tuberosity boundary on 3D inspection, 8 of the 42 segments were
excluded because of the interference of maxillary
third molars. Therefore, only 34 segments were
included in the following analysis. The mean value
of CT-R was 5.24 ± 2.26 mm; in 5 samples, it
extended to the palatal roots of the second molars,
and in 29 samples (85.3%), it extended to the distobuccal roots of the second molars. The mean value
of Ceph-C was 5.98 ± 2.62 mm (Table 2). Similarly,
the CT-R was not signiﬁcantly correlated with other
investigated variables (Tables 3 and 4).
A signiﬁcant positive correlation was found between CT-R and Ceph-C with the regression equation CT-R ¼ 1.606 þ (0.608  Ceph-C) (P < 0.01,
R2 ¼ 0.498). This ﬁnding was supported by the
effective sample size and the power (99.6%) calculated by G*Power.

craniofacial images ranged from 0.2 to 0.8 mm
and from 0 to 0.35 mm, respectively. Because
none of the measurements between the right and
left sides signiﬁcantly differed (P > 0.05), the results retrieved from both sides were pooled
together for analysis. A total of 42 posterior
maxillary segments from 21 patients were studied.
The mean age of patients was 22.43 ± 4.12 years.
The average linear distance between the TU and
the PNSct was 1.80 ± 1.81 mm (Table 2). The independent sample t-test showed no statistical
difference (P > 0.05) between male (1.42 ± 1.99)
and female (2.04 ± 1.68 mm) patients or between
patients with maxillary third molars (2.10 ± 2.13)
and those without (1.53 ± 1.46 mm; Table 3).
Furthermore, the Pearson correlation test indicated that none of the linear measurements was
correlated with the investigated variables of this
study (Table 4).
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Figure 5. The cephalometric measurements of the amount of maxillary molar distalization. The lateral cephalometric image was oriented to the
Frankfort horizontal plane (FHPceph). The Ceph-C was the distance between the distal height of contour of the clinical crown of the maxillary second
molar and a vertical line passing through the posterior nasal spine (PNSceph); it was measured in the direction paralleling the occlusal plane (OP). N,
nasion; S, sella; Or, orbitale; Po, porion; Co, condylion; Ar, articulare; ANS, anterior nasal spine; A, A point; B, B point; Pog, pogonion; Gn, gnathion;
Me, menton; Go, gonion.
Table 2. Characteristics of TUePNSct, CT-R, and Ceph-C.
Measurements

TUePNSct
CT-R
Ceph-C

No. of samples

42
34
34

Mean

1.80
5.24
5.98

Standard deviation

Minimum
 2.98
1.28
1.33

1.81
2.26
2.62

Maximum

5.17
9.39
11.08

Percentiles
25th

50th

75th

0.77
3.77
3.61

2.14
5.14
5.99

2.98
6.83
7.86

A positive value of TUePNSct indicates that the PNSct was in front of the TU. Ceph-C, distance between the distal height of contour of
the clinical crown of the maxillary second molar to the vertical reference line passing through the PNSceph; CT-R, shortest distance from
the maxillary tuberosity to the distal surface of the proximate root of the maxillary second molar; TUePNSct, sagittal distance from the
maxillary tuberosity to the PNSct.
Table 3. TUePNSct and CT-R for different genders and presence or absence of third molars.
Measurement

Gender

Number of
samples

Mean

Standard
deviation

P

Third molar

Number of
samples

Mean

Standard
deviation

P

TUePNSct

Male
Female
Male
Female

16
26
13
21

1.42
2.04
5.09
5.34

1.99
1.68
2.44
2.20

0.285

Present
Absent
Present
Absent

20
22
17
17

2.10
1.53
4.89
5.59

2.13
1.46
2.36
2.17

0.308

CT-R

0.760

0.374

CT-R, shortest distance from the maxillary tuberosity to the distal surface of the proximate root of the maxillary second molar;
TUePNSct, sagittal distance from the maxillary tuberosity to the PNSct.

98

Taiwanese Journal of Orthodontics
2021;33(3):93e101

J.-A. YE ET AL
2D AND 3D ANALYSIS OF MAXILLARY MOLAR BOUNDARIES

Table 4. Correlations of TUePNSct and CT-R with other variables.
Measurement

Statistic

Age

ANB

FMPA

Overjet

Mandibular length

Midface length

TUePNSct

Pearson's R
P
Number of samples
Pearson's R
P
Number of samples

0.045
0.779
42
0.319
0.066
34

 0.283
0.069
42
0.332
0.055
34

0.258
0.099
42
 0.140
0.431
34

0.132
0.403
42
0.307
0.078
34

 0.234
0.135
42
0.060
0.736
34

 0.245
0.118
42
0.106
0.549
34

CT-R

ANB, point Aenasionepoint B angle; CT-R, shortest distance from the maxillary tuberosity to the distal surface of the proximate root of
the maxillary second molar; FMPA, Frankfort mandibular plane angle; TUePNSct, sagittal distance from the maxillary tuberosity to the
PNSct.

DISCUSSION

the boundary of molar distal movements. This
ﬁnding implied that the actual limit could not be
clearly identiﬁed by conventional cephalometric
images. Most of the closest points located at the
cervical third of the proximate roots. It reminds the
importance of angulation control to prevent the
distal crown tipping that resulted in earlier contact
to the boundary of distalization. The signiﬁcant
positive correlation (P < 0.01) of the Ceph-C and CTR revealed in this study provides meaningful
reference for clinical practice. Such a result indicated that the more distance measured from distal
contour of maxillary second molars to the PNSceph,
the increased range for molar distalization within
the 3D radiographic boundary could be expected.
With the obtained equation, the measurements
from cephalometric images could be used to predict
the extent of distal movement of the maxillary second molars. We believe that these measurements
would be helpful with regard the “as low as
reasonably achievable” (ALARA) rule,18 whereby
CT would be less frequently performed. Patients
enrolled in this study could also be treated by
camouﬂage treatment planning.1,9 In camouﬂage
treatment, dental distalization would be the
preferred strategy to relieve crowding without
leading to worsened midface collapse or excessive
incisor proclination in the maxillary arch.
The registration of the horizontal reference planes
played an important role in this study. Because the
FHP has been reported to be a reliable and consistent horizontal reference plane in the 2D cephalogram and 3D CT10,19,20; it was used in this study.
This registration would be helpful for determining
difference in locations of the PNSct and TU in the
sagittal plane. However, because dental movements
take place along the occlusal plane, the virtual
reference occlusal plane and molar occlusal line
were deﬁned for detailed measurements. To minimize the manual measurement errors, all the linear
measurements were semi-manually calculated according to a customized algorithm.

This study aims to verify the difference and correlation between the proposed 2D and 3D radiographic landmarks as boundaries of maxillary molar
distalization. According to the results, the mean
sagittal TUePNSct was 1.80 ± 1.81 mm. This result
implies that the true sagittal position of the PNSct is
not identical to that of the TU, and the fact that the
value was positive indicated that the PNSct was in
front of the TU in general. However, this was not
true among all the segments: in 7, the TU was in
front of the PNSct; however, no clinical characteristics among these samples were consistent.
Consequently, the PNSceph could not considered to
be a proper reference for determining the exact
position of the TU in the lateral cephalogram as a
boundary of maxillary molar distalization.
According to the identiﬁcation of 2D and 3D
radiographic boundaries, the average limits of
maxillary molar distalization were 5.98 ± 2.62 mm
and 5.24 ± 2.26 mm, respectively (Table 2). Both
results corresponded to the traditional concept.
Graber et al. recommended that 3-mm molar distalization in each quadrant can be performed with
TADs.1 Profﬁt et al. suggested that 2e4 mm of entire
maxillary arch distalization can be achieved with the
use of infrazygomatic bone screws.16 On the other
hand, Ozdemir et al. reported that patients with
different dentofacial types (high or low mandibular
angle) have different alveolar cortical bone thickness,17 which is related to the potential range of
maxillary molar distalization. However, we found
no statistically signiﬁcant difference (P > 0.05) in this
study. We believe that this controversy might be
attributable to the insufﬁcient sample size.
In our study, the shortest CT-R was measured
from 34 segments that did not have third molars
obfuscating the border of the TU. According to the
results, most (85.3%) of the root point closest to
the boundary were on the distobuccal roots;
the remaining ones were on the palatal roots. The
midpoint of the TU distal border was not necessarily
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This study had some limitations. First, the measurements were performed in patients with Angle
Class III malocclusion and moderate maxillary
dental crowding. The results may not be applicable
in different types of dental malocclusion or skeletal
patterns because alveolar characteristics may
differ.21 Second, the cortical thickness was thought to
limit of orthodontic tooth movement.4,5,22 However,
in contrast to the results of the studies with conebeam CT5 or conventional CT with higher doses,4,22
our settings with conventional CT could not provide
similar resolution to well deﬁne the cortical bone
under the ALARA rule. Third, there are other potential factors including anterior palatal bone plate
and maxillary sinus playing the important role in
tooth distalization. It needs further additional studies
for evaluation. Last, the ﬁndings with variables such
as gender, age, and facial pattern might not be
representative because the number of patients was
small. Related studies with larger samples are expected to yield more conclusive results.
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